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Extensive application of a silver-containing layer (3)
with a thickness of 9 nm by sputtering onto a
transparent, electrically insulating substrate (2) and
creation of at least one ftransparent, electrically
conductive coating (silver-containing layer) (3) and at
least one spatially bounded transparent region (5)
free of the silver-containing layer (3), consequently,
without a silver-containing layer, that i1s positioned at
least partially in contact with the silver-containing

layer (3).

Electrical contacting of the silver-containing layer (3)

with two electrical collection strips (4.1 and 4.2) .

Introduction of electrical separation lines (7.1)(7.2) by

lasers parallel to the electric field lines (115.1)(115.2).

Delimitation of a region (100) from the silver-containing
layer (3) by forming electrically conductive collection
regions (6.1) (6.2) with a silkscreening process parallel
to equipotential lines (110.1}110.2) on the silver-
containing layer (3) between the two separation lines
(7.1(7.2).

Electrical contacting of the electrically conductive

collection regions (6.1)(6.2) via an ohmic resistor (8).




US 8,841,585 B2

1

TRANSPARENT ARTICLE WHICH CAN BL
ELECTRICALLY EXTENSIVELY HEATED,

METHOD FOR THE PRODUCTION
THEREOF AND THE USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s the US national stage of Inter-
national Application PCT/EP2010/0588°/76 filed on Jun. 23,

2010, which 1n turn, claims priority to German Patent Appli-
cation No. 10 2009 026 200.8 filed on Jul. 17, 2009.

PRIOR ART

The present invention relates to a new, electrically exten-
stvely heatable, transparent article, comprising a transparent,
clectrically insulating substrate with an extensive, electrically
conductive, transparent coating, including at least one local-
1zed transparent region iree of the electrically conductive
coating. Moreover, the present invention relates to a new
method for production of an electrically extensively heatable,
transparent article.

And, not least, the present invention relates to the new use
of the new transparent article, comprising a transparent, elec-
trically insulating substrate with an electrically extensively
heatable, transparent coating, including at least one localized
transparent region Iree of the electrically conductive coating,
as well as the electrically extensively heatable, transparent
article, with a transparent substrate with an extensive, elec-
trically conductive, transparent coating, that includes at least
one localized transparent region iree of the electrically con-
ductive coating produced using the new method.

From European Patent EP 1 183 912 B1, an automotive
glazing panel or pane, in particular, a windshield, with a
transparent, electrically extensively heatable coating for sun
protection or for solar control or solar regulation 1s known.
The electrically heatable coating 1s connected to two electri-
cal bus bars that transmait the electrical power to the electri-
cally heatable coating. This known windshield has at least one
data transmission window or so-called camera field or sensor
field through which a camera or a sensor can “look through™
the windshield. This window or field 1s positioned 1n partial
contact with the electrically extensively heatable coating.
However, the homogeneity of the electric field 1n the exten-
stve, electrically conductive coating 1s destroyed by this dis-
crete spot. This can create hot and cold spots in the windshield
that cause thermal stresses that can result 1n damage to the
windshield and/or light spots that can interfere with vision.

The European Patent EP 1 183 912 B1 attempts to counter
this serious problem in that at least one portion of the periph-
ery of the discrete spot 1s bounded by an electrically conduc-
tive band that 1s connected with a collection strip and that has
an electrical resistivity that i1s significantly lower than the
clectrical resistivity 1n ohms per square of the extensive,
clectrically conductive coating. In particular, the electrically
conductive band should have an electrical resistance of <0.35
and, 1n particular, <0.05 ohms per square.

In U.S. Pat. No. 6,734,396 B2, a heatable motor vehicle
window pane with a data transmission window 1s described,
wherein a common bottom collection strip 1s positioned
opposite a plurality of separated top bus bars. Between the top
bus bars and the common bottom collection strip, different
voltages generated by a plurality of voltage sources are
applied.

In U.S. Pat. No. 6,559,419 B1, a heatable motor vehicle
window pane with a data transmission window 1s described,
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wherein the electrically conductive coating 1s divided into a
plurality of regions electrically 1solated from each other. The
regions have one common top collection strip and one com-
mon bottom collection strip between which the heating volt-
age 1s applied.

Although through this measure, the homogeneity of the
clectric field can be improved and the formation of hot and
cold spots and/or light spots can be suppressed to a certain
extent, the level achieved 1s not completely satisfactory, but
requires further improvement.

The object of the present invention i1s to eliminate the
disadvantages of the prior art and, 1n particular, to further
improve the automobile glazing panels or panes known from
the European Patent EP 1 183 912 B1, 1n particular, wind-
shields, relative to the homogeneity of the electric field and
the suppression of the formation of hot and cold spots, 1n
order to effectively prevent damage to the panes through
thermal stresses and/or interference with vision due to light
Spots.

The object of the present invention 1s to make available a
new, electrically extensively heatable, transparent article, in
particular a new laminated safety glass pane, especially a
windshield.

A further object of the present invention 1s to make avail-
able a new, improved method for production of an electrically
extensively heatable, transparent article, 1n particular, a lami-
nated safety glass pane, especially a windshield.

A further object of the present invention 1s to find anew use
for the new, improved, electrically extensively heatable,
transparent article 1n a means of transportation for land, air,
and water traffic as well as in the construction, furniture, and
equipment sector. In the relevant electrically extensively
heatable, transparent article, upon application of electrical
voltage, a homogeneous or substantially homogeneous elec-
tric field without hot and cold spots should be formed such
that thermal stresses and/or light spots can no longer occur.

The object of the present invention 1s accomplished by an
clectrically extensively heatable, transparent article, com-
prising:

at least one extensive, electrically conductive, transparent

coating on a transparent substrate that 1s 1n electrical
contact with two electrical bus bars for transmitting elec-
trical power,

at least one localized region delimited from the coating,

and

at least one localized transparent region iree of the electri-

cally conductive coating, within the delimited region,
wherein the delimited region 1s at least partially bounded
by

at least two current collection regions, running parallel to

equipotential lines and connected via at least one ohmic
resistor, on the coating, and

at least two electrically insulating separation lines, running,

parallel to electric field lines.

The electrically extensively heated, transparent article
according to the invention can be delivered 1n large quantities
in a stmple and quite readily reproducible manner, with the
transparent coating having an electrically conductive mate-
rial. In the extensive, electrically conductive coating, there 1s
at least one localized transparent region free of the electrically
conductive coating, 1n particular a camera field or sensor
field, whose periphery 1s at least partially surrounded by an
clectrically conductive strip whose resistivity in ochms per
square 1s substantially lower than the resistivity in ohms per
square of the extensive, electrically conductive coating.

The electrically extensively heatable, transparent article
according to the invention 1s significantly improved in par-
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ticular with regard to the homogeneity of electric field and the
suppression of the formation of a cold spots 1n order to effec-
tively prevent damage to the panes through thermal stresses
and/or interference with vision due to light spots.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the poten-
tials of the current collection regions and potentials of the
adjacent equipotential lines are the same.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein at least one
current collection region includes at least partially a current
collection strip.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the ohmic
resistor as an electrical sheet resistivity o1 0.1 ohms per square

to 100 ohms per square.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the ohmic
resistor includes a silver-containing silkscreening paste.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the ohmic
resistor 1s formed from a subregion of the coating within the
region.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the ohmic
resistor 1s mncluded 1n a discrete electrical component or a
heating wire.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the electri-
cal separation lines have a width of 50 um to 20 mm.

A preferred embodiment of the invention 1s an electrically
extensively heatable, transparent article, wherein the electri-
cally conductive current collection regions have a width of
100 um to 20 mm.

In a preferred embodiment of the invention, the ohmic
resistor, which connects the current collection regions, 1s
dimensioned such that below a defined heating current den-
sity, the voltage drop across the ohmic resistor adapts the
potential of the current collection regions to the potential of
the equipotential lines. The ohmic resistor 1s arranged 1n the
region of a data transmission window such that the Joule heat
loss of the ohmic resistor protects the data transmission win-
dow against condensation and 1cing.

The object of the present invention 1s further accomplished
through a method for producing an electrically extensively
heatable, transparent article, wherein
(I) an electrically conductive material 1s applied extensively

on a transparent, electrically insulating substrate, wherein
at least one transparent, electrically conductive coating and
at least one localized transparent region, iree of the elec-
trically conductive coating, which 1s positioned at least
partially in contact with the coating, 1s created,

(II) the coating 1s electrically contacted with two electrical
bus bars,

(III) electrical separation lines are inserted into the coating
parallel to the electric field lines,

(IV) electrically conductive current collection regions are
formed on the coating between the two separation lines
parallel to the equipotential lines and a region separated
from the coating 1s formed, and

the electrically conductive current collection regions are con-

nected via at least one ohmic resistor.

The electrically extensively heatable, transparent articles
produced using the new method are significantly improved,
particularly with regard to the homogeneity of the electric
field and the suppression of the formation of hot and cold
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spots. Damage to the article through thermal stresses and/or
interference with vision by light spots 1s effectively pre-
vented.

A preterred embodiment of the invention 1s a method,
wherein at least one electrically conductive current collection
region 1s applied on the coating 1n a silkscreening process.

A preferred embodiment of the mvention 1s a method,
wherein the electrical separation lines and are inserted into
the coating with a laser cut or by mechanical abrasion.

A preferred embodiment of the mvention 1s a method,
whereby the ohmic resistor, which connects the current col-
lection regions, 1s dimensioned such that below a defined
heating current density, the voltage drop across the ohmic
resistor adapts the potential of the current collection regions
to the potential of the equipotential lines. The ohmic resistor
1s arranged 1n the region of a data transmission window such
that the Joule heat loss of the ohmic resistor protects the data
transmission window against condensation and icing.

The object of the present invention 1s further accomplished
through a use of the electrically extensively heatable, trans-
parent article in means of transportation for land, air, and
water traflic as well as 1n the furniture, equipment, and con-
struction sector.

A preferred embodiment of the mvention 1s a use of the
clectrically extensively heatable, transparent article 1n means
of transportation for traific with driver assistance systems.

In the following, the article according to the invention 1s
explained by way of example with reference to FIGS. 1 and 6.
FIG. 1 through 6 are schematic depictions mtended to 1llus-
trate the principle of the invention. The method according to
the invention 1s explained by way of example in FIG. 7.

EXEMPLARY EMBODIMENTS

The figures depict

FIG. 1 aplan view of the first embodiment of the 1nvention,

FIG. 2 a detailed view of the first embodiment of the
imnvention,

FI1G. 3 a detailed view of a second embodiment,

FI1G. 4 a detailed view of a third embodiment,

FIG. 5§ a detailed view of a fourth embodiment,

FIG. 6 aplan view of another embodiment of the invention,
and

FIG. 7 a flow diagram of an exemplary embodiment of the
method according to the mvention.

The substrates (2) according to the embodiments of FIG. 1
through 6 are float glass panes of dimensions as they are used,
for example, for windshields.

The coatings (3) according to the embodiments of FIG. 1
through 6 are in each case a coating, as are described 1n the
German translation of the European patent EP 0 847 965 Bl
with the file number DE 697 31 2 168 12, Example 1, page 9,
par. [0063], through page 11, par. [0080]. They are preferably
silver-containing layers. The preferred sheet resistivity of the
coating (3) 1s, for example, 0.5 ohms per square to 1.5 ohms
per square at a voltage of 12 volts to 15 volts. Motor vehicle
windshields with such layer systems must have, overall, light
transmission at least equal to or greater than 70%.

FIG. 1 depicts a plan view of a windshield (1) according to
the mnvention. The coating (3) was electrically contacted on
the top and bottom edge of the windshield with electrical bus
bars (4.1) (4.2). The electric potential difference between the
top and bottom electrical bus bars (4.1) (4.2) was, for
example, 14 V. Equipotential lines (110) were defined parallel
to the electrical bus bars; electric field lines (115) were
defined perpendicular to the equipotential lines. The wind-
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shield (1) included at the top edge a data transmission window
(5) with increased transmission for inirared radiation, for
example.

For better representation, FIG. 2 depicts a detail of the
windshield (1) from FIG. 1 1n the region of the data transmis-
sion windows (5).

To obtain high transmission of infrared radiation for data
transmission, no electrically conductive coating (3) was
present in the region of the data transmission windows (3).
The data transmission windows were located within a region
(100) separated from the electrically conductive transparent
coating (3). The equipotential lines (110) and electric field
lines (1135) were defined for a state of the heated windshield
(1), 1n which no data transmission windows (5) and no delim-
ited region (100) were present. The area of the delimited

region (100) was established by two equipotential lines
(110.1) (110.2) and two electric field lines (115.1) (115.2).

Parallel to the equipotential lines (110.1) and (110.2), the

region (100) was bounded by a current collection region (6.2)
and a subregion (6.1) of the current collection strip (4.1).
Parallel to the electric field lines (115.1) (115.2), the region
(100) was bounded by electrically insulating separation lines
(7.1) (7.2). The distance (A6) between the current collection
regions (6.1, 6.2) was 7 of the distance (A4) between the
electrical bus bars (4.1) and (4.2). The necessary potential
difference between the current collection regions (6.1) and
(6.2) to match the equipotential lines (110.1) (110.2) was thus
14V x14=2 V. The current collection regions (6.1) (6.2) were
clectrically contacted across ohmic resistors (8) within the
region (100). In the exemplary embodiment, the ohmic resis-
tors (8) were film resistors, implemented as separated regions
of the coating (3) within the region (100). The electrical bus
bars (4.1) and (4.2) and the current collection regions (6.1)
and (6.2) included a 20-100 um thick commercial silver-
based conductive paste printed on. The width of the current
collectionregion (6.2) was 10 mm. The width of the electrical
bus bars (4.1) and (4.2) and thus also the current collection
region (6.1) was 5 mm.

The ohmic resistor (8) was dimensioned such that below a
defined heating current density, the voltage drop across the
ohmic resistor (8) was 2V. Thus, the electric potential of the
current collection region (6.2) could be adapted to the poten-
tial of the equipotential line (110.2). The effect was to achieve
a very high homogeneity of heat output over the windshield
surtfaces (1) outside the region (100).

In FIG. 3 through 5, embodiments of the region (100) with
the data transmission windows are depicted. Here, the ohmic
resistor (8) was implemented 1n the region (100) such that it
was particularly suited for heating the data transmission win-
dows (5). The current collection regions (6.1) and (6.2) were
clectrically contacted across ohmic resistors (8) within the
region (100).

In the exemplary embodiment 1n FIG. 3, a first ohmic
resistor (8) was implemented for heating as a subregion (11)
of the coating (3) by electrical separation lines (10). By coor-
dinating the height (H) and width (B) with the specific sheet
resistivity of the coating (3) and the heating current, the
necessary voltage drop of 2 'V was obtained. The voltage drop
1s calculated according to Ohm’s law from the multiplication
of the specific sheet resistivity, the heating current, and the
quotient of height (H) and width (B) of the subregion (11). In
addition, an ohmic resistor (8) of a silver-containing screen
print was electrically contacted via electric contact lines (9)
with the current collection regions (6.1) and (6.2). Alter cali-
bration of the parallel connected ochmic resistors (8, 11), the
necessary voltage drop of 2 V was obtained between the
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current collection regions (6.1) and (6.2) and, 1n particular, a
heating function was also obtained within the region (100).

Thus, 1t was possible to adapt the electric potential of the
current collection regions (6.2) to the potential of the equipo-
tential line (110.2). A very high homogeneity of heat output
over the windshield surfaces (1) outside the region (100) was
obtained. The resistors (8) were also arranged 1n the region
(100) relative to the data transmission window (3) such that
the Joule heat loss of the ohmic resistors (8) protected the data
transmission window (5) against condensation and 1cing.

FIGS. 4 and 5 depict other embodiments of the region
(100) of a windshield (1) according to the invention.

In the exemplary embodiment of FIGS. 4 and 5, the ohmic
resistors (8) were implemented from silver-containing screen
printing with a defined ohmic resistance and electrically con-
tacted via electric contact lines (9) with the current collection
regions (6.1) and (6.2). The width of the current collection
regions (6.2) was 5 mm. The electric contact lines (9) had a
width of 100 um. Alternatively, the ohmic resistors (8) can
also be introduced in hybrid form, e.g., as heating wires or
discrete electrical components.

FIG. 6 depicts a view of a windshield (1) according to the
invention. The embodiment differed from the exemplary
embodiment according to FIG. 1 in that the current collection
region (6.1) was not a subregion of the current collection strip
(4.1). The region (100) with the data transmission window (5)
could thus be freely arranged in the region of the coating (3)
between the electrical bus bars (4.1) and (4.2). The necessary
voltage drop of, for example, 3 V between the current collec-
tion regions (6.1) and (6.2) to match the equipotential lines
(110.1) and (110.2) could likewise be obtained by adaptation
of the ohmic resistors (8) to the heating current density. The
elfect was to achieve a very high homogeneity of heat output
over the windshield surfaces (1) outside the region (100).

The embodiments according to the mvention were 1n each
case reliably bonded to each other with an adhesive film made
of polyvinyl butyral PVB (not shown) and a tloat glass pane
(not shown) using a pre-bonding method (calender rolling,
serpentine, or vacuum compaction method) and an autoclave
method, such that a typical structure for a laminated safety
glass pane resulted.

Upon application of an electrical voltage of, for example,
14V to the bus bars (4.1) and (4.2), a current flows homoge-
neously through the coating (3), whereby the windshield 1s
heated to 50° C., without hot and cold spots or light spots
forming. In the separated region (100), moisture condensa-
tion and 1cing of the data transmission window (5) were
minimized through a localized heating of the ohmic resistors
(8).

In FIG. 1 through 3, the reference characters have the
following meaning;:

(1) Transparent article (windshield)

(2) Transparent, electrically insulating substrate,

(3) Electrically conductive, transparent coating,

(4) Bus bar,

(4.1) Bus bar,

(4.2) Bus bar,

(5) Data transmission window,

(6) Collection region,

(6.1) Collection region,

(6.2) Collection region,

(7) Electrically insulating separation line,

(7.1) Electrically 1nsulating separation line,

(7.2) Electrically 1nsulating separation line,

(8) Ohmiuc resistor,

(9) Electric contact line,

(10) Electric separation line 1n the region (100),
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(11) Subregion of the region (100) as an ohmic resistor,
(100) Delimited region,

(110) Equipotential line,

(110.1) Equipotential line,

(110.2) Equipotential line,

(115) Electric field line,

(115.1) Electric field line,

(115.2) Electric field line,

(Ad4) Distance between the bus bars,

(A6) Distance between the collection regions

The mvention claimed 1s:
1. An electrically heatable, transparent article, comprising:
at least one, electrically conductive, transparent coating on
a transparent substrate that 1s 1n electrical contact with
two electrical bus bars for transmitting electrical power,

at least one localized delimited region, delimited by the
coating, and

at least one localized transparent region free of the coating,

within the delimited region, wherein the delimited
region 1s at least partially bounded by

at least two current collection regions, running parallel to

equipotential lines and connected via at least one ohmic
resistor, on the coating, and

at least two electrically mmsulating separation lines, running,

parallel to electric field lines.

2. The article according to claim 1, wherein at least one
current collection region of the at least two current collection
regions includes at least partially one electrical bus bar of said
two electrical bus bars.

3. The article according to claim 1, wherein the ohmic
resistor has an electrical sheet resistivity of 0.1 ohms per
square to 100 ohms per square.

4. The article according to claim 1, wherein the ohmic
resistor mncludes a silver-containing screen printing paste.

5. The article according to claim 1, wherein the ohmic
resistor 1s formed from a subregion of the coating within the
delimited region.

6. The article according to claim 1, wherein the ohmic
resistor 1s contained in a discrete electrical component or a
heating wire.

7. The article according to claim 1, wherein the electrically
insulating separation lines have a width of 50 um to 20 mm.

8. The article according to claim 1, wherein the current
collection regions have a width of 1 mm to 20 mm.

9. The article according to claim 1, wherein the at least one
ohmic resistor, 1s dimensioned such that that below a defined
heating current density, a voltage drop across the at least one
ohmic resistor adapts a potential of the current collection
regions to a potential of the equipotential lines, the localized,
transparent region comprising a data window, the at least one
ohmic resistor being arranged in the delimited region such
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that a Joule heat loss of the at least one ohmic resistor protects

the data transmission window against condensation and icing.
10. A method for fabricating an electrically heatable, trans-

parent article, comprising

applying an electrically conductive material on a transpar-
ent, electrically insulating substrate, thus forming at
least one transparent, electrically conductive coating
and at least one localized transparent region, iree of the
clectrically conductive coating, said localized transpar-
ent region being positioned at least partially 1n contact

with the coating,
clectrically contacting the coating with two electrical bus

bars,
inserting electrical separation lines into the coating parallel

to electric field lines,

forming electrically conductive current collection regions
on the coating between the electrical separation lines
parallel to equipotential lines, and forming a delimited
region separated from the coating, and

connecting the electrically conductive current collection

regions via at least one ochmic resistor.

11. The method according to claim 10, wherein at least one
clectrically conductive current collection region 1s applied on
the coating 1n a silkscreening process.

12. The method according to claim 10, wherein the elec-
trical separation lines are inserted into the coating with a laser
cut or by mechanical abrasion.

13. The method according to claim 10, wherein the at least
one ohmic resistor, 1s dimensioned such that below a defined
heating current density, a voltage drop across the at least one
ohmic resistor adapts a potential of the current collection
regions to a potential of the equipotential lines, the localized
transparent region comprising a data transmission window,
the at least one ohmic resistor being arranged in the delimited
region such that Joule heat loss of the at least one ohmic
resistor protects the data transmission window against con-
densation and icing.

14. A method comprising:

using the electrically heatable, transparent article accord-

ing to claim 1 in means of transportation for land, air, and
water traflic as well as 1n furniture, equipment, or con-
struction sectors.

15. The method of claim 14, comprising:

using the electrically heatable, transparent article 1n means

of transportation for traific with driver assistance sys-
tems.

16. The article according to claim 1, wherein a distance
between the at least two current collection regions 1s 7 of a
distance between the two electrical bus bars.

17. The article according to claim 1, wherein a voltage drop
across the at least one ochmic resistor 1s 2 V.
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